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(54) Embryonic stem cells from mice 

(57) Embryonic stem cells derived from an inbred 
mouse strain selected from the group consisting of 
C3H/HeN, C57BU6N, DBA/1 J, and BALB/c strains, for 
example, C-2 cell having the accession number FERM 
BP-5933 and C-6 cell having the accession number 
FERM BP-5934 are disclosed. The embryonic stem 
cells of the present invention are derived from geneti- 
cally complete inbred strains, and therefore, they are 
extremely useful for close genetic researches. For 
example, they are useful for the production of knockout 
mice as well as for analyses of cell genealogical tree 
and mechanism of embryonic stem cell establishment. 
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the Invention " ' 0- & ^ I'-.'^W..- *■ 



B 

Field of the 

The present invention relit&S'tti 'Vfovef ^bryoViic^tern cells derived from mice 



RSlatedArt < ':\/ i ' : jlSlillf ; V/ -*:«^J- -:,n:^ 

Embryonic stem cells, sometimes j&e$Q& jtojg^^S^ells. are 'derived from inner cell^^ <ICM) i^^^jiz^eigs. 
in blastocyst phase, and can be ^ kept in urraiffi^entiated sterte.1- En^onlc 

stem cells are extremely useful bibl^ ebcample, a ig&ne knockout 

mouse in which a specific gene Isiiij^^^j^^^^^^^ by replacing an agtiye gape in an embryonic stem cell 
is chromosome with an inactivat^j^ system. * 

Embryonic stem c^Js d#iv^^ previously reported. However, processes for 

establishing embryonic stem cells h^j^ of embryonic stem cells are unde- 

sirably limited compar^ to t^ beeri developed for wide variety of numerous pur- 

poses. Currently researchers most widely use ^jfcails aerived from mouse strain 129/Sv as embryonic stem cells. 
20 However, the mice of 1 29/Sv are not always sufficiently bled, and accordingly, if a gene knockout mouse is established, 
the mouse must be disadvartageQ^ by crossbreeding with other strains. There is also a problem 

that the origin of embryo 1 29/Sv cannot be completely specified from a genetic 

viewpoint, since various Wrrfs^^ in the strain. 

Function of a certain gene is S0nefally influenced by other genetic backgrounds in a whole-body level. Accordingly, 
25 for close comparative researches by means of gene knockout mice, it is indeed ideal to establish embryonic stem cells 
from an inbred mouse strain, whose basic data has sufficiently been accumulated, and compare the influence of the 
knockout of a embryonic stem cells from an inbred mouse strain, whose basic data has sufficiently been accumulated, 
and compare the influence of the knockout of a gene of interest with results obtained from original strain. For these rea- 
sons, it has been desired to establish novel embryonic stem ceils from inbred mouse strains. However, this class of 
30 embryonic stem cells has not been reported yet. As embryonic stem cells derived from mouse strains, embryonic undif- 
ferentiated cells disclosed in Japanese Patent Unexamined Publication (KOKAI) No. (Hei) 5-328878/1993 and the like 
are known. However, these cells are characterized as embryonic stem cells derived from F1 hybrid, and are not those 
established from inbred strains. 

Accordingly, an object of the present invention is to provide novel embryonic stem cells. More specifically, the object 
35 of the present invention is to provide embryonic stem cell established from inbred mouse strains. 

DESCRIPTION OF THE INVENTION 

The inventors of the present invention conducted various r^earches to achieve the foregoing object and as a 
40 result, they succeeded in establishing novel embryonic stem cells from inbred mouse strains such as C3H/HeN. 

The present invention thus provide embryonic stem cells derived from mouse strains C3H/HeN, C57BL6N, 
DBA/1 J. and BALB/c. . 

DETAILED EXPLANATION OF ^ElN^f^ON ) ' 3 - 

Explanation of the Preferred Embpdime^ 

The embryonic stem cell of the present invention were established from mouse mtxed strains of C3H/HeN, 
C57BLy6N, DBA/1 J, and BALB/c. Among these inbred strains, C3H/HeN. C57BLy6N and DBA/U are genetically com- 
so piete inbred strains. As for BALB/c strain, some substrains, e.g., BALB/cA and BAlB-tO are Known, however, the sub- 
strains are genetically very close to each other. These mouse strains are widely and conventionally used and can easily 
be obtained. . . . ■ . ..^J; - .; . 

For example, ; thejem^^ cells of the present invention can be established as follows: Male and female 

mice of the dboye; s^^^ to natural mating, and on the next day, the female mice having a vaginal plug are 

55 assigned as dayjerb v (6j of pp^^ii^cy. Blastocysts are removed from uteri of the female mice of day three (3) of preg- 
nancy and then <^ the cells are transferred on feeder cells and cultivation is continued for 2 or 3 
days. The feed&c^ of I4th-day embryos of mouse BALB/cA 
strain with Mitomycin . 6/ 'Ail 1mer«pelf 'mass (ICM) become rising is exfoliated and made into single cell masses in 
approximately 0.25% trypsin droplets. The smaJI cell hiasses are transferred on the f eeder cells in a 24-well plate as the 
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primary culture. The successive treatments include the following steps: The culture medium is changed every day frdm 
the next day, and each colonies are separately picked up after 2 to 5 days and made into single cell masses with trypsin 
treatments. These dissociated cells are then placed again on the feeder cells. This procedure is repeated up to tenth 
subculture to allow the establishment of embryonic stem cells. 

5 

Examples 

The present invention will be explained more specifically by referring to the examples. However, the scope of the 
present invention is not limited to these examples. 

10 

(1) Collection of ovum 

Male and female mice of respective C3H/HeN, C57BL/6N. or DBA/1 J strains were allowed to natural breed, and 
uteri of the mice on the 3rd pregnant day were removed and washed with M2 buffer. As for BALB/c. F1 embryos 

15 between substrains that were formed by crossbreeding of BALB/cA and BALB/cCr strains were used. Embryos were 
washed out from the uteri with M2 buffer using a syringe equipped with a perfusion needle (30 gage). The blastocysts 
with zona pellucida were washed twice with M2, and then cultured in ESM medium in an incubator under 5% C0 2 at 
37°C for 30 hours until the embryos hatched [a droplet of the ESM medium having a diameter of 5 mm was formed and 
overlaid with mineral oil (Sigma), and then preliminarily incubated in an incubator under 5% C0 2 at 37°C]. The hatched 

20 blastocysts were transferred on feeder cells, which had been obtained from 14th-day embryos of BALB/cA mouse and 
treated with Mitomycin C (10 ng/ml in DM EM), and then cultured in ESM medium. Risings of ICM were observed in the 
hatched embryos after two or three days. 

(2) Isolation and unbinding of ICM 

25 

The rising ICMs were picked up by suction using a 50 jil micropipette containing a small volume of PBS(-) sucked 
beforehand and twice washed with PBS(-), and then transferred into a droplet of a 0.25% trypsin solution and incubated 
at room temperature for 1 to 1 .5 minutes. Before the cell mass was unbound, a small volume of ESM was added into 
the trypsin droplet using a micropippete to inactivate trypsin. The cell mass was divided into appropriately smail pieces 
30 in separate EMS droplets, and each of the masses was transferred on feeder cells treated with Mitomycin C (10 jig/ml 
in DMEM). The resulted mass was assigned to the primary culture, and the culture medium was changed every day 
from the next day. For the second and later subcultures, cell masses were completely unbound to obtain individual cells 
in ESM after the treatment of trypsin for 40 to 60 seconds, and the cells were transferred on the feeder cells in a similar 
manner. 

35 

(a) ESM culture medium: 400 ml of DMEM (0.012 g of potassium penicillin G; 0.02 g of streptomycin sulfate; 0.6 g 
of sodium bicarbonate; and 4 g of DMEM were dissolved in water in a final volume of 400 ml); 2 ml of NEAA (non- 
essential amino acid, x 100); 4 ml of nucleoside stock solution (3 mM adenosine; 3 mM guanosine; 3 mM uridine; 
3 mM cytidine; and 1 mM thymidine); 0.4 ml of 2-mercaptoethanol stock solution (5 ml of DMEM and 35 jil of 2- 

40 mercaptoethanol); 50 \i\ of LIF (leukemia inhibiting factor); 1 .85 g of glucose; and 100 ml of FCS were mb©d. 

(b) 0.25% trypsin solution; trypsin (0.25 g); EDTA.2Na (0.037 g); and 1 x phosphate buffered saline (-) (100 ml). 

(c) M2 buffer: 15.0 ml of stock solution A (11.068 g of NaCI; 0.712g of KCI; 0.324 g of KH 2 P0 4 ; 0.586g of 
MgS0 4 .7H 2 0; 8.698 ml of sodium lactate (60% syrup); 2.000 g of glucose; 0.120 g of potassium penicillin G; and 
0.100 g of streptomycin sulfate in 200 ml); 2.4 ml of stock solution B (1 .051 g of NaHC0 3 and 0.005 g of phenol red 

45 in 50 ml); 1 .5 ml of stock solution C (0.036 g of sodium pyruvate in 10 ml); 1 .5 ml of stock solution D (1 -280 g of 
CaCI 2 .2H 2 0 in 50ml); 12.6 ml of stock solution E (5.958 g of HEPES and 0.010 g of phenol red in 100ml; adjusted 
to pH 7.4 with NaOH); and 600 mg of BSA were mixed and adjusted to 150 ml with distilled water. 

(3) Selection of embryonic stem cells 

50 

After 2 to 5-day cultivation, cell populations of various shapes were observed. Among them, flat colonies formed by 
morphologically uniform small cells were picked up as embryonic stem cell populations, and the colonies were treated 
with trypsin for 40 to 60 seconds and then subcultured on feeder ceils freshly prepared as described in the above sec- 
tion (2). Subcultures were repeated up to tenth subculture to establish embryonic stem cells of the present invention. 
55 The cells were deposited on May 17. 1996 at the National Institute of Bioscience and Human-Technology Agency of 
Industrial Science and Technology (1 -3, Higasi-1 -chome. Tsukuba-shi t Ibaraki-ken 305 Japan) and the original deposi- 
tions were transferred to the International Depositary Authority under Budapest treaty identified above on May 1 . 1997. 
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Table 1 



Embryonic stem cell 


Mouse strain 


Accession number 


C-6 


C3H/HeN 


FERM BP-5934 


C-2 


C3H/HeN 


FERM BP-5933 


Cr/A-3 


BALB/c 


FERM BP-5932 


DB1 


DBA/1 J 


FERM BP-5931 


B6-26 


C57BL76N 


FERM BP-5935 



All of these embryonic stem cells were positive in alkali phosphatase activity staining. In addition, among these 
embryonic stem cells, C-6, C-2, Cr/A-3. and DB1 were evaluated as for the ability of differentiation into germ cells by 
producing chimera mice according to the injection method or the aggregation method. The results are shown below. 
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55 



The embryonic stem cell of the present invention are derived from genetically pure inbred strains, and therefore 
extremely useful for close genetic researches. For example, they are useful for the production of knockout mice and 
analyses of cell genealogical tree, as well as research on the mechanism of embryonic stem cell establishment In par- 
ticular, as for the embryonic stem cells derived from DBA/1J and C3H strains and the like, a chimera mouse can be pre- 
pared using a non-treated embryonic stem cell. e.g.. not introduced with a gene marker, and the behavior of the cells 
m the tissue of the chimera mouse, that are derived from the embryonic stem cells, can be analyzed at tissue level using 
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the monoclonal antibodies described in the U.S. Patent No. 5,552,287. 

5 1 . An embryonic stem cell derived from an inbred mouse strain. 

2. An embryonic stem cell derived from a mouse strain selected from the group consisting of C3H/HeN, C57BL/6N, 
DBA/1J. and BALB/c. 

10 3. Embryonic stem cell C-2 having the accession number FERM BP-5933 which is derived from mouse sJrain 
C3H/HeN. 

4. Embryonic stem cell C-6 having the accession number FERM BP-5934 which is derived from mouse slrain 
C3H/HeN. 

15 

5. Embryonic stem cell DB1 having the accession number FERM BP-5931 which is derived from mouse strain 
DBA/1J. 

6. Embryonic stem cell B6-26 having the accession number FERM BP-5935 which is derived from mouse strain 
20 C57BL76N. 

7. Embryonic stem cell Cr/A-3 having the accession number FERM BP-5932 which is derived from mouse strain 
BALB/c. 
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(54) Embryonic stem cells from mice 

(57) Embryonic stem cells derived from an inbred 
mouse strain selected from the group consisting of 
C3H/HeN, C57BL/6N, DBA/1J, and BALB/c strains, for 
example, C-2 cell having the accession number PERM 
BP-5933 and C-6 cell having the accession number 
FERM BP-5934 are disclosed. The embryonic stem 
cells of the present invention are derived from geneti- 
cally complete inbred strains, and therefore, they are 
extremely useful for close genetic researches. For 
example, they are useful for the production of knockout 
mice as well as for analyses of cell genealogical tree 
and mechanism of embryonic stem cell establishment. 
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